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Introduction
[bookmark: _Hlk510705081]In the RAN1#103-e meeting there were basically two tracks in the discussion on the support of enhancing HARQ operation under the scenario of NTN. The first track was associated to the possibility of disabling HARQ-ACK feedback for selected processes while the second track was on how to handle the UE supporting more than 16 HARQ processes. During RAN1#104-e the agreements were mainly focused on the support for disabling HARQ feedback, while this topic was not discussed at all during RAN1#104bis-e due to the reduced scope for NR over NTN at this meeting. Both of these aspects will be discussed in this contribution. 
Discussion
At RAN1#104-e there was an agreement on the assumptions for the reception of a HARQ process with disabled HARQ feedback. This is reiterated here:
Agreement:
For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until X after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process. 
· Working assumption: X = T_proc,1 
· FFS: Whether X should be changed to X = max(T_proc,1, K1) where K1 is the minimum k1 if it is configured, otherwise k1 = 0 
· Note: The TB of the two PDSCHs can be either same or different 

Under this agreement there is one open FFS related to whether the value of “X” should potentially be scaled whenever the UE is configured with k1 values that are all larger than the value of T_proc,1. In the current description of the UE PDSCH processing procedure time in section 5.3 of 38.214, the value of T_proc,1 is defined to allow the UE sufficient time to process and decode the PDSCH prior to transmitting the HARQ-ACK feedback on the uplink. In current specifications there is no further relaxation for the UE processing of the PDSCH which is depending on the configuration of k1. Based on this, we do not see any need for introducing a relaxation of the PDSCH processing timeline which would be depending on the configuration of k1, and propose that the working assumption is kept.
Proposal 1: In the agreement from RAN1#104-e on PDSCH processing for a HARQ process with disabled HARQ feedback, the value of X should be according to the working assumption, that is, X = T_proc,1.
Further, at RAN1#104-e there was an agreement related to the Type-2 HARQ codebook which reads:
Agreement:
For Type-2 HARQ codebook in NTN: Reduce codebook size with HARQ-ACK codebook only including HARQ-ACK of PDSCH with feedback-enabled HARQ processes 
· FFS: The details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-enable/disabled HARQ processes 

According to the RAN1#104-e agreement, the size of the Type-2 HARQ-ACK codebook in NTN will depend on the number of scheduled PDSCHs associated with feedback-enabled HARQ processes only (i.e., scheduled PDSCHs associated with feedback-disabled HARQ processes are not included). In order to ensure that UE and gNB have the same understanding on the number of scheduled PDSCHs associated with feedback-enabled HARQ processes, the counter DAI (C-DAI) and total DAI (T-DAI) indicated in a DCI should reflect the number of scheduled PDSCHs up to the point the DCI is received (i.e., legacy behavior) excluding scheduled PDSCHs associated with feedback-disabled HARQ processes. In other words, downlink transmissions associated with feedback-disabled HARQ processes should not be counted, as they should not impact the codebook size.
Since there are multiple potential configurations for the DCI formats, each of these need separate consideration. For DCI format 1_0, there is only support for C-DAI, while T-DAI is not supported by this DCI format. For DCI format 1_1 and DCI format 1_2, there may be configurations where both T-DAI and C-DAI are provided, or where only C-DAI is provided, and the sizes of the assigned DAI fields may be different depending on the specific configuration. When scheduling using any of the DCI formats, it would be natural that the C_DAI is not increased/updated whenever a HARQ process with feedback disabled is scheduled.
Proposal 2: For Type-2 HARQ codebook, C-DAI and T-DAI counting should exclude scheduled PDSCHs that are associated with feedback-disabled HARQ processes.
Proposal 3: The UE uses HARQ process ID to determine whether or not HARQ feedback is disabled.
Proposal 4: The UE determines the Type-2 HARQ codebook size based on the scheduled HARQ processes that has HARQ feedback enabled.
In terms of HARQ codebooks other than the Type-2, there are some pending FFS points from RAN1#103-e. There was a discussion on the potential update to HARQ-ACK codebook in connection to HARQ processes with disabled HARQ-ACK feedback. The agreement from this meeting reads:
Agreement:
HARQ codebook enhancement is supported as:
· For Type-2 HARQ codebook:
· Option-1: Reduce codebook size with:
· HARQ-ACK codebook only includes HARQ-ACK of PDSCH with feedback-enabled HARQ processes
· FFS: the details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-enable/disabled HARQ processes
· FFS: at least DCI for SPS release/SPS PDSCH
· Option-2: No enhancement
· Other options are not precluded.
· For Type-1 HARQ codebook, further discuss is needed with down selection among following options:
· Option-1: No enhancement;
· Option-2: Report NACK on disabled process
· Option-3: Reduce codebook size with criteria 
· FFS: Enhancements for Type-3 HARQ codebook

When discussing the HARQ codebook it is important to recall the intention of the HARQ codebook design. The Type-1 HARQ codebook is intended to have semi-static size, meaning that at any point in time and irrespective of which HARQ processes are being scheduled, the HARQ codebook size should be well defined. Considering option-3 for this codebook where the codebook size is reduced with some criteria, this would not be in line with the original intention, and if the codebook size is set to be depending on the HARQ processes being scheduled, the result would be a codebook size that is no longer semi-static in size. If some restrictions are put on which HARQ processes are scheduled as a function of time (or which HARQ processes are scheduled on which component carrier, if carrier aggregation is used), the codebook size could potentially be reduced by a constant factor, but that would put restrictions on which HARQ processes are available for scheduling at a given time (or on specific component carriers) for the gNB, and could prevent the gNB from being able to fulfil the QoS requirements for the scheduled UE. In terms of Option-2 outlined for this codebook, the UE generating a NACK for the disabled process would result in the UE providing an artificial value for the HARQ process, even that there is room in the HARQ codebook to carry the information. In our opinion, if the information is available and there is room in the HARQ codebook, the information should also be provided for the gNB, such that the information may anyway be used. Hence, it would make most sense to have no changes to the Type-1 HARQ codebook size or HARQ feedback reporting methodology. 
Proposal 5: No enhancements are implemented for Type-1 HARQ codebook. The codebook size should not be depending on the configuration for HARQ-ACK feedback (feedback enabled or disabled).
The Type-3 HARQ codebook has been designed for providing the full bitmap of all the available HARQ processes, which is mainly a needed feature for operation in scenarios with uncertainty on channel access (unlicensed operation). Given that NR-U is operating with low transmit power levels and is primarily intended for local use, it is suggested that NR over NTN does not change any behaviour for the associated HARQ codebook.
Proposal 6: No enhancements are implemented for Type-3 HARQ codebook. The codebook size should not be depending on the configuration for HARQ-ACK feedback (feedback enabled or disabled).

Increasing amount of supported HARQ processes
At RAN1#104-e, one single agreement was reached under this AI, which read:Agreement:
· Enhanced HARQ process ID indication is supported for DCI 0-2/1-2 and DCI 0-1/1-1 by at least one of following:
· Option 1: Slot index as the MSB
· Option 1-a:Slot index as the LSB 
· Option 2: Reusing one bit from other bit field
· Option 3: Extending the HARQ process ID field up to 5 bits 
· FFS: DCI 0-0/1-0
· Note: 32 is taken as maximal supported HARQ processes number for both UL and DL

As can be seen the existing agreement points to a number of options for indicating the HARQ process ID to the UE for DL scheduling. The options range from implicit indication with association to the slot index as outlined in option 1 to explicit indication as outlined by either option 2 or 3. It is noted that the current agreement states that the HARQ process ID indication is supported by at least one of the options for DCI formats DCI 0-2/1-2 and DCI 0-1/1-1. Given that the target for the indication would serve only one purpose (namely informing the UE of the HARQ process ID in the scheduling grant), the most logical approach would be to have one solution only for indicating the HARQ process ID.
Proposal 7: Do a down-selection of the options for indication of HARQ process ID such that only one option is specified. 
The two options with implicit indication of the additional information needed to identify the HARQ process ID are relying on an association to a system-internal parameter (the slot index) to provide this information (either as MSB or LSB of the HARQ process ID). For any of these two options the HARQ process ID would be either even/odd or be subject to “+0”/”+16” operation, depending on the slot index. Using any of these approaches would create time-wise restrictions as to the exact time of when the gNB can schedule for a given specific HARQ process (and its retrnsmission), as the resulting HARQ process ID is coupled to the slot index. Further, the UE may potentially not be configured to monitor the PDCCH in all slots, thereby creating a risk of some of the HARQ process IDs not being available for use.
Observation 1: Using option 1 or option 1-a would create scheduling impacts due to the time-wise dependency of the HARQ process ID.
Observation 2: Using option 1 or option 1-a may not be feasible if PDCCH is not monitored in all slots.
Option 2 from the above agreement would require that some of the existing bit fields from the DCI format are deemed non-usable for NTN related purposes, which would imply that some features of NR would not be applicable to NTN operation, or would have limited functionality for NTN operation. Observing the existing bit fields in DCI formats 0-2/1-2 and DCI 0-1/1-1, there are no obvious functionality to prune from the system, which means that the best/simplest approach for NTN operation would be to allow one additional bit to be appended to the HARQ process ID field for NTN operation. Such bit field would only be configured/applied when the approach of using more than 16 HARQ processes is configured. 
Proposal 8: Enhanced HARQ process ID indication is supported for DCI 0-2/1-2 and DCI 0-1/1-1 by extending the HARQ process ID field up to 5 bits when configured.
As the discussion so far has been focused the configurable DCI formats only, it is natural to also consider the default/fall-back DCI formats (DCI 0-0/1-0), which are more limited when it comes to the use and configuration of these formats. The most straight-forward way of supporting the extended amount of HARQ processes for any operation would be to extend the HARQ process ID field for these DCI formats as well, such that we have a unified way of informing the UE of the HARQ process ID to apply for any operation. The natural way here would be to introduce a NTN-specific bit for the two DCI format 0-1 and 1-1 with the specific purpose to indicate the HARQ process ID. Given the potential gains for avoiding or reducing the HARQ stalling, this additional bit would seem justified. Alternatively, the bit-field size for HARQ process ID is increased for NTN operation only.
Proposal 9: Assign one additional bit for indicating the MSB of the HARQ process ID for DCI format 0-0 and DCI format 1-0.
One of the main benefits of increasing the amount of HARQ processes is that it will become easier for the gNB and UE to fill the channel with transmissions to achieve a high data rate. However, for this potential benefit to materialize, it is crucial that the additional HARQ processes are also available for the gNB to utilize in its scheduling.
Observation 3: If UEs are not supporting the additional HARQ processes, there is a high risk of having HARQ stalling with reduced network performance as a consequence.
Proposal 10: UEs supporting NTN should by default support the maximum number of HARQ processes to ensure network efficiency.

Other aspects related to scheduling
In the feature lead summary from RAN1#104-e [1], there were further discussions related to whether there should be scheduling restrictions related to selected control information from the gNB to the UE (that is, for MAC-CE and SPS release messages). As highlighted in our response to the email discussion, the gNB should not be subject to any restrictions for which HARQ processes it should disable or not, and it should be the responsibility of the gNB to ensure that such control messages are transmitted to the UE with sufficient reliability and with proper feedback for confirmation of reception these. One of the possibilities outlined in the feature lead summary was to promote the following as a conclusion “UE expects that MAC CE and SPS release information is scheduled via one HARQ process configured with HARQ feedback.”, which would provide the gNB the flexibility to disable HARQ for selected processes and still be with marginal restrictions to the configuration from gNB side, as the gNB would still have the flexibility to enable and disable feedback for HARQ processes, but would not be bound to specific limitations other than the fact that one HARQ process would defacto need to be reserved for having HARQ feedback enabled.
Proposal 11: Adopt the conclusion from FL summary: “Conclusion: UE expects that MAC CE and SPS release information is scheduled via one HARQ process configured with HARQ feedback.”
Further, as part of the discussions there were discussions related to potential enhancements for improving the performance for scheduling under the conditions provided for NR operation over NTN.
Enhancements for aggregated transmission
At RAN1#104-e the feature lead summary mentioned that some companies suggested to consider further enhancements for aggregated transmissions, where different solutions were outlined by different companies. In our earlier contribution [2], we showed through simulation results that it would potentially be beneficial to allow NR over NTN to operate with higher aggregation factors. In fact, using aggregation factors of 2 or 4 would alleviate the need for disabling HARQ feedback, as the problem of HARQ stalling would no longer exist for the LEO case, as aggregating up to 8 HARQ processes would be able to fill the transmission pipeline until the HARQ feedback is available at the gNB.
Proposal 12: Support slot aggregation for NR over NTN.
Enhancements on CQI table with new BLER
At RAN1#104-e there were a few companies suggesting to introduce new CQI tables with new BLER targets, for instance as presented in [2], where it is argued that for HARQ processes with disabled HARQ feedback it would be beneficial to introduce new CQI tables with lower BLAR target. However, it should be noted that disabling of HARQ feedback for a UE is a deliberate decision from the gNB side, and the gNB would be aware of which HARQ processes would have their HARQ feedback enabled or disabled. Hence, the gNB would be able to perform link adaptation according to this aspect when doing the scheduling. There would be marginal benefit of such a feature, and if it is implemented into specifications, it would be necessary that such optimization is mandatory for all UE to implement.
Proposal 13: Do not support enhancements to the CQI tables or reporting mechanisms that are specific to NR over NTN. 
Blind retransmission
Yet another topic that was raised in the feature lead’s summary was the possibility to have the UE operate with blind retransmissions, where the gNB (or UE) could be instructed to either receive or transmit PDSCH or PUSCH prior to the decoding result being know. According to our understanding, this operation is already allowed by existing specifications for PUSCH operation, where the UE can be scheduled via PDCCH for PUSCH retransmissions without the decoding result being known at the gNB side. With respect to the DL transmissions, this aspect has already been extensively discussed in relation to the UE processing (also in relation to proposal 1 in this contribution), and it seems that most companies are not willing to allow for rescheduling a downlink process prior to the PDSCH decoding has been completed, so from that perspective it would not be beneficial to allow for disruptions on the UE processing pipeline.
Proposal 14: No support for changing the existing processing timeline restrictions for scheduling.
Uplink control information
Under this topic, a few companies claimed that it might be beneficial to have UEs with disabled HARQ feedback report alternative metrics to give the gNB indication of the reception performance at the UE side. From our point of view, it is worth noting that the gNB is not obliged to disable HARQ feedback, and for some cases the UE may not even support more HARQ processes or the feature of disabling the HARQ feedback. If/when a gNB choses to disable the HARQ feedback, the gNB has at this point made a decision to have the UE operating in a “degraded mode”, and hence the gNB has already accepted lower performance through missing feedback. Introducing another set of feedback parameters (like decoding statistics or DL disruptions) would only make the system more complicated. If the gNB is in need of statistics of the link performance, it would monitor the performance of the HARQ processes which still have the HARQ feedback enabled. Alternatively, the gNB could monitor the performance on higher layers (for instance the amount of RLC retransmissions) to detect whether there is an overall problem with the link quality.
Proposal 15: No need for additional uplink control information is needed for supporting UEs with HARQ feedback disabled.
UE assistance information
According to the feature lead summary, some companies claimed that it would be beneficial for the network to know the buffer situation at the UE side, but there are already existing mechanisms for reporting the buffer status level in the current specifications, which is obtained through scheduling requests and buffer status reports. Hence, we do not see any need for such optimization.
Proposal 16: No need to introduce further UE assistance information specifically related to NR operation over NTN.
Conclusion
In this contribution we have made a set of observations and proposals. These are as follows:
Observation 1: Using option 1 or option 1-a would create scheduling impacts due to the time-wise dependency of the HARQ process ID.
Observation 2: Using option 1 or option 1-a may not be feasible if PDCCH is not monitored in all slots.
Observation 3: If UEs are not supporting the additional HARQ processes, there is a high risk of having HARQ stalling with reduced network performance as a consequence.

Proposal 1: In the agreement from RAN1#104-e on PDSCH processing for a HARQ process with disabled HARQ feedback, the value of X should be according to the working assumption, that is, X = T_proc,1.
Proposal 2: For Type-2 HARQ codebook, C-DAI and T-DAI counting should exclude scheduled PDSCHs that are associated with feedback-disabled HARQ processes.
Proposal 3: The UE uses HARQ process ID to determine whether or not HARQ feedback is disabled.
Proposal 4: The UE determines the Type-2 HARQ codebook size based on the scheduled HARQ processes that has HARQ feedback enabled.
Proposal 5: No enhancements are implemented for Type-1 HARQ codebook. The codebook size should not be depending on the configuration for HARQ-ACK feedback (feedback enabled or disabled).
Proposal 6: No enhancements are implemented for Type-3 HARQ codebook. The codebook size should not be depending on the configuration for HARQ-ACK feedback (feedback enabled or disabled).
Proposal 7: Do a down-selection of the options for indication of HARQ process ID such that only one option is specified. 
Proposal 8: Enhanced HARQ process ID indication is supported for DCI 0-2/1-2 and DCI 0-1/1-1 by extending the HARQ process ID field up to 5 bits when configured.
Proposal 9: Assign one additional bit for indicating the MSB of the HARQ process ID for DCI format 0-0 and DCI format 1-0.
Proposal 10: UEs supporting NTN should by default support the maximum number of HARQ processes to ensure network efficiency.
Proposal 11: Adopt the conclusion from FL summary: “Conclusion: UE expects that MAC CE and SPS release information is scheduled via one HARQ process configured with HARQ feedback.”
Proposal 12: Support slot aggregation for NR over NTN.
Proposal 13: Do not support enhancements to the CQI tables or reporting mechanisms that are specific to NR over NTN. 
Proposal 14: No support for changing the existing processing timeline restrictions for scheduling.
Proposal 15: No need for additional uplink control information is needed for supporting UEs with HARQ feedback disabled.
Proposal 16: No need to introduce further UE assistance information specifically related to NR operation over NTN.
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